Quasielastic electron scattering by nuclei is considered on the basis of the many-bucly theory. Properties of the hole states are described. Cross sections for the (e, e'p) and (e, e 1 n) reactions are obtained. The role of nucleon correlations in these reactions is also discussed. § l. Introduction
The hole state in the many-body system is a basic type of excitation. Analysis of the hole states in an atomic nucleus yields information on the single-particle properties of nuclei and on how these are affected by the correlation interaction betvveen nucleons. Deep-lying hole states are created by reactions of the types (jJ, 2p), (e, e'jJ), (P, d) and (d', He),n~sJ etc. In the analysis one assumes that such reactions, initiated with bombarding energies of several hundred MeV, can be described as "direct" or "knock-out" process involving only a single collision between an incident projectile and one of the target nucleous. Usually multiple scattering and compound nucleus formation are only taken into account through a complex optical model potential describing the motion of the projectiles before and after the collision. Deep-lying quasi-hole states ("dressed holes") are therefore expected to lead to peaks in the cross section as a function of transferred energy. vVith quasi-free secattering one can measure the energ1es, lifetimes and momentum distributions of the "dressed" hole states.
Experiments ha\·e pointed to a complicated nature for the deep hole states of the nucleus. The peaks observed in the summed energy spectra have large widths and the centre of these peaks lie much lower than those predicted by the independent-particle model. In this paper, we investigate the hole states and (e, e' N) reactions within the framework of the many-body theory! 1~61 Our approach has an advantage that it does not depend on any particular model from the begin-
In § 2 the properties of the mass operator for the hole states are considered. In this way the mass operator, which corresponds to the nuclear potential for quasihole states, is nonlocal, complex and energy-dependent due to correlation interactions. This leads to a qualitative explanatio11-for the singularities in the hole-excitation spectrum. In § 3 the (e, e'lJ) reactions are investigated by using Green's function method. The cross~section obtained has a resonance form. In '' l'erman<'nl address: Far Eastern Statv l fnivn.>ity, Vladivosl ok, l JSSR. § 4 the reduction factor and ( e, e' n) reaction are considered. The cross section for the (e, e'n) reactions is also estimated. § 2. Some properties of the hole states After a knock-out type reaction such as
the residual nucleus remains in the high excitation states. The excitations of the residual nucleus lie in the continuous spectra (Fig. 1) . In this region of the excitation energy the cross section has smooth resonance peaks instead of the narrow delta peaks of the shell model. In order to describe such resonances we shall use the field-theoretical methods of many-body theory_'l~Bl
The Green function for the nucleus with (A+1) or (A-1) nucleons is given by 
<;o.(x)
is the probability amplitude of finding one nucleon at the point x in the ground state of a nucleus consisting of A nucleons and the remaining (A -1) nucleons in the state 1@.). In the shell model <;o.(x) coincides with the wave function of the hole in the average field. In real nuclei, however, the ground state IO), as well as the excited states 1@.), is a complex superposition of the shell basis vectors. <;o. (x) would describe some complex (wave packet), the hole correlated with the system. The Green function can be found via Dyson's equation 4 J~Bl
where Tx is the nucleon kenetic energy operator and lvf(xx'e) is the mass operator 
The Hamiltonian of the system of nucleons has the form
where Tx is the kinetic energy operator and v (xx') is the operator two-body interaction. we introduce the projection operator a, which will project the total wave function I (/Jv) on the subspace of the one-quasihole states
where the operator b projects on the subspaces of the many-quasiparticle states.
the continuous spectra and the collective states. Using this projection operators it is possible to decompose the equation 
If it is known of full system function 1 x.> that then we have the mass operator defined by
where Let us write the mass operator in the next form:
where
the part of the mass operator for states near Fermi energy (tC=e0 (A) -e0 (A-1)). Another term JM(xx'e) depends on the energy
From another point of view the mass operator difference at different energies
where the effective interaction Vis defined as an aggregate of irreducible diagrams, none of which can be represented in the form of two parts joined only by two particle-and-hole propagation lines. In the case when w~oo. remembering that
where W(x1x 2x 3x 4ee') = V(x1x2x3x4ee' w) """'00.
The mass-operator difference for different energies is given now by There is no possibility of calculating exactly 1¥ (or the mass operator M(xx' e)) from the first principle. For instance, the effective interaction 1¥, even in the t-matrix approximation, has a complicated form
where B/ (x1x 2 ) rs a matrix element of the following form:
Let us write (2 ·17) taking into account only the pair correlation ( t-matrix approximation (2·18)) for the energy e=fJ.
The matrix element B;v(x) has the form From the shell model point of view this matrix element connects one-hole state with more complicated configurations. 13 l' 14 ) However, it is not clear how many configurations we must take into account to describe the decay of such high excitation states, because the effective interaction 1V will also contain more complicated diagrams like in Fig. 3 .
One can see that due to correlation interactions the mass operator (2 ·19) has an additional term, \Vhich depends on the transfer energy. One can write (2·19) as The spectrum is plotted in Fig. 4 where reflects the increase of the widths of the hole state with increasing energy excitation from experimental data. n
The mass operator also becomes complex in the region s>O. since such solu tions would correspond to the problem of scattering with absorption. As is known, the imaginary part of the mass operators for quasiparticles and that for the quasihole If we compare the experimental data for the imaginary part of the mass operator for the (A+ 1) and the (A -1) nuclei one can see some symmetry in the character of energy dependence. 1 l, Jel For the high excitation states one can write approximately
Another form of the mass operator difference at different energ1es isn.w 
(2. 30)
We can determine the limit of the function f(xx'oJ). In the case of the free vertex function it is given by 
This causes the effective depth of the single-particle potential to increase with increasing excitation energy for hole states and to decrease their particle states. \V e consider the phenomenological description of quasihole excitations of nuclei. To simplify the comparison with the customarily employed phenomenological average field we shall assume approximately that the mass operator 1s local: In) state corresponds to the impulse approximation. It means that the interaction between the ejected proton and residual nuclei is weak and may be neglected in the first approximation. We obtain for the matrix element (3 · 3), taking into account the conditions (3·4) and aP,.IO)=O, the following expression:
cp, (x) 1s the state vector of the dressed hole which is defined by
It is known that the residual nucleus after an ( e, e' P) reaction remams 111 a high excited state. We must therefore take into account the continuum in this region of excitation:
Remembering that the imaginary part of the Green function for the hole states
one can rewrite (3 · 6) as
Evidently the hole propagator defines the cross section of the ( e, e' p) reactions.
Using the diagonal form of the exact hole propagator from (2·23), we obtain for R (3. 9)
The energy dependence of the 8, rv and cp, explains the reason for the complex form of the resonance peaks in the cross section. The shape of the peaks would be deformed, extending to the side of the largest energy. The experimental data from T okyo 31 and Saclay 181 confirmed this result.
We have calculated the cross section of ( e, e' P) reactions (3 ·10) for the 12 where 1{Jiv is the wave function of the ejected nucleon (proton or neutron: i=p, n), 9v (.r) is the wave function of the hole state, and r (.rx'.x"' $U)) is the vertex function which determines the response of the system to an external field and includes all possible quasi-particle interaction effects. 61 The equation for the vertex function IS given by Here we have used the single-particle Green. function m the form 51 The nuclear matrix element (4·1) for the (e, e'p) reaction may be written as
It is seen that (4·11) differs from (3·5) hy the factor ITP(q,w)l 2 • If V(q)~o.
then Tp·--"1 and the previous result (3 · 5) is obtained. Consequently, the rescattering effects change the cross section value. The factor 1Tp(q,co)l 2 is the reduc- 
We have estimated the reduction factor and yield of the neutrons with effective interaction Y(q) =rr 2 /nlPr-f, where f= -:1, -4. For the reduction factor we obtained ITPI'=0.6 and the neutron yield, only due to nucleon correlations, may reach 20%. Unfortunately, there is as yet no experimental data concerning the (e, e'n) reaction. However in this way we should have a possibility of estimating the \Tertex function for high excitation energies of the nucleus. § 5. Conclusion
We have presented here our theory of the ( e, e' 1V) reactions usmg some suggestions about the mechanism of this reaction. It is very important to check these suggestions and approximations experimentally. New experimental information about the non-coplanar ( e, e' P) scattering (for the verification of the TreimanYang criterion 20 J), polarization experiments on the ( e, e' p) reaction, registration of neutrons in this reaction, 8 J.w data on the time of reaction, 22 J lifetime of the excited hole state and decaying properties of the hole state are very desirable. The author would like to express his sincere thanks to Professors M. Sakai and T. Marumori for the hospitality extended to him at the Institute for Nuclear Study, University of Tokyo, where part of the present work was done.
